Introduction
Let g and h be positive integers with h ≥ 2, and let G be an abelian additive group denoted by (G, +). If A = {a 1 , . . . , a k } ⊆ G, we say A is a B h [g] on G, and it is denoted by B h [g]/G, if every element of G can be written at most g ways as sum of h elements in A, that is, if given x ∈ G, the amount of solutions of the equation x = a 1 + · · · + a h is at most g up to rearrangement of summands, where a 1 , . . . , a h ∈ A. If g = 1, A is called a B h set, and when g = 1 and h = 2 it is called a Sidon set.
Let F h (G, g) denote the largest cardinality of a B h [g] on G, i.e., The main problem in the study of B h [g] sets consists of establishing the largest cardinality of a B h [g] set on a finite group G. Using constructions we can find lower bounds for F h (G, g), while with counting and combinatorial techniques we can state upper bounds.
In this work we focus in constructions from which we obtain some known lower bounds for F h (G, g) on particular groups G, while other works as [1] , [2] , [3] , are focused in state upper bounds.
Different works have introduced constructions of B h [g] sets for particular values of h, and g. On (Z, +), the most obvious construction of Sidon sets is given by Mian-Chowla using the greedy algorithm [4] . This result is generalized for any h ≥ 2 and any g ≥ 1 in [5] .
Other constructions of B h sets are due to Rusza, Bose, Singer, and Erdös & Turán.
Rusza constructs a Sidon set on the group Z/(p 2 − p), + for p prime. Bose's construction initially consider h = 2 but is generalized to any h ≥ 2 on the group Z q h −1 , + , where q is a prime power. Similarly to Bose, Singer constructs a B h set with q + 1 elements on
Actually this construction can be established using a B h+1 set obtained from Bose's construction [6] . Finally, Erdös & Turán construct Sidon sets on (Z, +) based on quadratic residues modulo a fixed prime p. For details of these constructions see [5] .
In dimension d = 2 some constructions are due to Welch, Lempel, Golomb [7] , Trujillo [8] , and C. Gómez & Trujillo [6] . Welch constructs Sidon sets with p − 1 elements on the groups (Z p−1 × Z p , +), (Z p × Z p−1 , +), which is generalized in [9] to the groups (Z q−1 × F q , +) and (F q × Z q−1 , +), respectively, being F q the finite field with q elements.
Golomb's construction gives Sidon sets with q − 2 elements on the group (Z q−1 × Z q−1 , +), while Lempel's construction is a particular case of Golomb. In [8] Trujillo presents an algorithm that allows us to obtain Sidon sets on (Z × Z, +) from a given Sidon set on (Z, +).
In higher dimensions, Cilleruelo presents how to map Sidon sets in N to Sidon sets in 2. Construction of B h sets on F h , + Let p be a prime number. It is easy to prove that [10] . In this section we generalize this construction for any dimension d > 2 and any number of summands h > 2. First we introduce the following notations and definitions.
Let n be a positive integer. The elementary symmetric polynomials in the n variables
Note that the elementary symmetric polynomials appear in the expansion of a linear factorization of a monic polynomial as follows
for each 1 ≤ k ≤ n and for an arbitrary number n of variables. With notations and definitions above we can state the following theorem.
Theorem 1. Let F be a field with characteristic zero or p > h. The set
is a B h set on F h , + .
Proof. Let s ∈ F h . Suppose there exist two different representations of s as sum of h elements of A as follows
implying that the elements of the sets {a 1 , . . . , a h } and {b 1 , . . . , b h } are roots of the same
implies that cannot be possible to have two different representations of s ∈ F as sum of h elements of F h . That is, A is a B h set on F h , + . Now we consider the case when F is the finite field F q , with q = p n for some n ∈ N and p prime. Note that the groups (F p n , +) and F n p , + are isomorphic, because if θ is a root of an irreducible polynomial on F p n in an extension field, the function (2) φ :
defines an isomorphism between them. Using this function we can state the following result.
Corollary 1. For all p > h prime and for all n ∈ N there exists a B h set with p n elements on Z hn p , + .
Proof. It follows immediately from the isomorphism φ between (F p n , +) and F n p , + given in (2) and from Theorem 1.
To illustrate these results consider the following example. Example 1. Consider h = n = 2 and p = 3. Let p(x) = x 2 + 1 be an irreducible polynomial on Z 3 . Suppose that θ is a root of p(x) in an extension field of Z 3 . The field with 9 elements is given by is a Sidon set on ( 
Note that if
With these notations we can state the following result.
Proof. In ( 
where
Furthermore
what implies from (4) that Since representation in base N notation is unique, then
which implies that cannot be possible to have g + 1 representations of s as sum of h
As an illustration of Theorem 2 consider the following example. 
Construction of
In this section we present a generalization of construction performed by Trujillo et. al.
in [11] , where the authors construct in dimension d = 1, B 2 [g] sets from special Sidon sets. We extend such construction for all d > 1, and all h ≥ 2. In order to introduce last construction we need the following auxiliary lemma.
, where gg ′ denotes the product between g and g ′ .
The proof of this result can be found in detail in [12] . Now, let m 1 , . . . , m d and g 1 , . . . , g d be positive integers. With Lemma 1 we can prove the following theorem.
, + be two abelian groups and define φ :
Note that φ is a homomorphism between G and G ′ . Furthermore,
Note that b i mod To illustrate this result, for q prime power, in the following proposition we construct Sidon sets on (Z q−1 × Z q−1 , +). Proposition 1. Let p be a prime and let n be a positive integer. If q = p n ; α, β are primitive elements of F * q , and a ∈ F * q , then
where α i , α j , α k , α ℓ are not equal to a. From (6) we have
what means that α i , α j , and α k , α ℓ are roots of a polynomial q(x) ∈ F[x] of degree 2, i.e.,
Therefore, {α i , α j } = {α k , α ℓ } and so {i, j} = {k, ℓ}, implying that cannot be possible to have two representations of an element in Z q−1 ×Z q−1 as sum of two elements of G(α, β, a).
That is, G(α, β, a) is a Sidon set on (Z q−1 × Z q−1 , +).
Example 3. First we apply Proposition 1 to construct a Sidon set on Z 16 × Z 16 , + . Let q = p = 17, and let α = 3, β = 5 be primitive elements of Z * 17 . If a = 1, we have that G(3, 5, 1) = (1, 14), (2, 10), (3, 2), (4, 1), (5, 4), (6, 13), (7, 15) , (8, 6 ), (9, 12) , (10, 7), (11, 11) , (12, 5) is a Sidon set on (Z 16 × Z 16 , +). Now, if g 1 = g 2 = 2, by Theorem 3, A = (1, 6), (2, 2), (3, 2), (4, 1), (5, 4) , (6, 5) , (7, 7) , (0, 6), (1, 4) , (2, 7) , (3, 3) , (4, 5) , (5, 3) , (6, 0), (7, 1) is a B 2 [4] set on (Z 16 × Z 16 , +).
Concluding remarks
As a result of constructions presented in this work we can obtain lower bounds and closed formulas for F d h (G, g), for some abelian group G and some values of d, h and g. Note from Theorem 1 and Corollary 1 that F h 2 (F h q ) ≥ q for q a prime power. Particularly if h = 2 and q = p prime we have F 2 2 (Z p × Z p ) ≥ p, but it is easy to establish that F 2 2 (Z p × Z p ) = p [9] . A natural question to state is the follow: Can we obtain a similar result, as the last one, on the group (Z p × Z p × Z p , +)? That is,
Now, from Theorem 2 we can establish the following. Let d, g, and N be positive integers greater than or equal to 1 and be h ≥ 2. Then Finally, from Proposition 1 we can establish that F 2 2 (Z q−1 × Z q−1 ) ≥ q − 2, what lead us to ask if is it possible to state that F 2 2 (Z q−1 × Z q−1 ) = q − 1?
